BACKGROUND OF THE INVENTION 

The present invention relates to a radio LAN (local area 
network) master station system, in particular, relates to such 
a system which has a specific antenna system. 

Lately, a radio LAN system in 2 . 4 GHz band has been utilized 
widely. 

However, that frequency band, 2.4 GHz band , is also used 
for ISM (Industrial Science Medical) band. Therefore, a radio 
system which uses such frequency band is apt to be interfered 
by an ISM band system, such as a microwave oven. Nevertheless, 
a radio LAN system using 2.4 GHz band is popularized rapidly, 
since no license nor qualification is requested for the operation 
of that system, and no communication fee is charged by a 
communication company when the system is installed. 

A radio LAN system is used not only indoors, but also out 
of a room in a communication manner such as a point -point manner, 
and/or a point -multipoint s manner. 

Fig.l shows a prior radio LAN system in a point-multipoints 
manner, in which a single master station having a single wide 
angle antenna and a single tranceiver, and a plurality of client 
terminals. A wide angle antenna is used in a radio LAN master 
station which operates in a point-multipoints manner out of a 
room, so that wide area can be covered by a single master station. 

However, the radio LAN master station in Fig.l has a 
disadvantage that it suffers from interference by a similar LAN 
system closely located, and/or by another system using the same 
frequency band. Further, communication quality is much degraded 
because of multi-path propagation. In Fig.l, radio wave emitted 



by a client terminal 1-3-1 is received by a master station 1-1-1 
through an antenna 1-1-2 not only as direct wave 1-2-1, but also 
as reflection wave 1-2-2 which reaches the antenna 1-1-2 through 
reflection by a building 1-2-3 which locates close to a direct 
path between a master station and a client terminal. A reflected 
wave is an undesired interference wave in a master station. 

The radio LAN master station system in Fig.l having a single 
wide angle antenna has further disadvantage that no long 
communication is possible because a wide angle antenna has small 
gain. 

SUMMARY OF THE INVENTION 

It is an object of the present invention, therefore, to 
overcome the disadvantages and limitations of a prior radio LAN 
master station system. 

It is also an object of the present invention to provide 
a radio LAN master station system which is free from interference , 
and can have long distance 
communication . 

The above and other objects are attained by a radio LAN master 
station system comprising; a transceiver, a plurality of 
directivity antennas directed to each specific directions, a 
power distributor coupling said antennas with said transceiver. 

Preferably, a polarization plane of any antenna is orthgonal 
to a polarization plane of an adjacent antenna. 

Preferably, angle of polarization plane of an antenna from 
vertical plane or horizontal plane is determined by the steps 
of selecting one of the antennas having the largest interference, 
rotating angle of polarization plane of the selected antenna 
to determine angle of polarization plane called a reference angle 



so that Interference becomes the minimum, determining angle of 
polarization plane of other antennas based upon said reference 
angle so that angle of polarization plane of any antenna Is 
orthogonal to angle of polarization plane of an adjacent antenna. 

Preferably, angle of polarization plane of an antenna from 
vertical plane or horizontal plane Is determined by the steps 
of ; selecting one of the antennas having the largest interference, 
selecting one of vertical polarization plane and horizontal 
polarization plane of said selected antenna, as a reference 
polarization plane, determining angle of polarization plane of 
other antennas based upon said reference polarization plane so 
that polarization plane of any antenna is orthogonal to an 
adjacent antenna. 

Preferably, angle of polarization plane from vertical plane 
or horizontal plane of an antenna by the first steps comprising 
the steps of; selecting one of the antennas having the largest 
interference, selecting one of vertical polarization plane and 
horizontal polarization plane of said selected antenna, as a 
reference polarization plane, determining angle of polarization 
plane of other antennas based upon said reference polarization 
plane so that polarization plane of any antenna is orthogonal 
to an adjacent antenna; the second steps comprising the steps 
of; selecting one of the antennas having the largest Interference 
larger than a predetermined threshold, and reversing 
polarization plane of said selected antenna from vertical 
polarization to horizontal polarization, or from horizontal 
polarization to vertical polarization; and third steps 
repeating said each steps of said second step until Interference 
of all the antennas is smaller said predetermined threshold. 

Preferably, angle of polarization plane of an antenna from 
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vertical plane or horizontal plane is determined by the steps 
of; selecting one of horizontal polarization and vertical 
polarization of each antenna, so that interference of said 
antenna is the smaller. 

Preferably, angle of polarization plane of an antenna from 
vertical plane or horizontal plane is determined by the steps 
of; rotating polarization plane of each antenna so that 
interference in said antenna is the minimum, determining angle 
of polarization plane which provides said minimum interference. 

Preferably, angle of polarization plane from vertical plane 
or horizontal plane in a radio LAN master station system is 
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O determined by the steps of; (a) the antennas being classified 
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into groups each having a plurality of antennas, so that 
interference between adjacent groups is small; (b) determining 
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polarization plane of a first antenna in a first group; (c) 
determining polarization plane of a second antenna in a first 
group, said second antenna locating adjacent to said first 
antenna, so that polarization plane of said second antenna is 
orthogonal to polarization plane of said first antenna; (d) 
repeating said step (c) for other antennas; and (e) repeating 
said steps (b) and (c) for the antennas in other groups. 

BRIEF DESCRIPTION OF THE DRAWINGS 

The foregoing and other objects, features, and attendant 
advantages of the present invention will be better understood 
by means of the following description and drawings wherein; 

Fig.l is a prior point-multipoints radio LAN system having 
a master station having a single wide angle antenna and a single 
tranceiver , 

Fig. 2 is a first embodiment of a radio LAN master station 
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system according to the present invention. 

Fig. 3 is a second embodiment of a radio LAN master station 
system according to the present invention. 

Fig. 4 is a third embodiment of a radio LAN master station 
system according to the present invention. 

Fig ,5 is a fourth embodiment of a radio LAN master station 
system according to the present invention. 

Fig. 6 is a fifth embodiment of a radio LAN master station 
system according to the present invention, and 

Fig. 7 is a sixth embodiment of a radio LAN master station 
system according to the present invention. 

DESCRIPTION OF THE PREFERRED EMBODIMENTS 

Fig. 2 shows the arrangement of a first embodiment of a radio 
LAN master station according to the present invention. A master 
station 2-1-1 is coupled with a plurality of directivity antennas 
2-1-3, 2-1-4, 2-1-5 and 2-1-6 through a power distributor 2-1-2 , 
so that radio cells 3c-6c are provided, relating to each 
directivity antennas. Each antennas 2-1-3 through 2-1-6 are 
directed to a specific cell, and a client terminal is located 
in each cell. In one embodiment, radiowave emitted by each of 
the antennas has the common polarization, for instance, vertical 
polarization. The arrangement of Fig. 2 has an advantage that 
a long distance communication is possible, since the service 
area is divided into a plurality of cells and an antenna is a 
directivity antenna illuminating only a small cell and having 
large gain, although the arrangement of Fig.l does not have such 
an advantage. Further, the arrangement of Fig. 2 has an advantage 
that undesired interference is decreased, since no beam is 
directed to unnecessary area. Further, as a master station is 
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comprised of a single transceiver and a plurality of antennas, 
the cost of the same is low. 
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Fig. 3 shows the arrangement of a second embodiment of a radio 
LAN master station according to the present invention. The 
arrangement of Fig. 3 has an advantage that a multi-path wave 
emitted by a client terminal directed to one of the directivity 
antennas but reflected by an undesirable reflection body such 
as a building 3-2-3, provides less interference to an adjacent 
antenna. The arrangement of Fig. 3 is the modification of Fig. 2, 



W and antennas in Fig. 3 use vertical polarization and horizontal 
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Q polarization alternately in angular direction, so that antennas 

J 3-1-3 and 3-1-5 use vertical polarization, and antennas 3-1-4 
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P an antenna 3-1-5 as a direct wave, and said radio wave is further 



and 3-1-6 use horizontal polarization. A radio wave 3-2-1 emitted 
by a client terminal in vertical polarization is received by 



reflected by a building 3-2-3 as a reflection wave 3-2-2, and 
is received by another antenna 3-1-4 which is located close to 
said antenna 3-1-5, and is designed to receive horizontal 
polarization. The reflection wave 3-2-2 received by the antenna 
3-1-4 has low sensitivity, because of the difference of 
polarization between the antennas 3-1-4 and 3-1-5. Thus, the 
influence by multi-path wave is decreased while a single 
transceiver is used. 



Fig. 4 shows the arrangement of a third embodiment of a radio 
LAN master station according to the present invention. The 
embodiment of Fig. 4 is the modification of Fig. 3, and intends 
to remove interference by other systems which can not remove 
by simple alternate arrangement of polarization as shown in Fig. 3 . 
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The embodiment of Fig. 4 has the feature that antennas 4-1-3, 
4-1-4, 4-1-5 and 4-1-6 are not a strict vertical antenna, nor 
a strict horizontal antenna, but polarization plane of each 
antenna is rotated from vertical plane or horizontal plane, so 
that two adjacent antennas have polarizations in orthogonal 
relations with each other. The resultant polarization plane is 
fixed when the interference becomes the minimum. 

The polarization plane which provides the minimum 
interference is determined as follows. First, the antenna which 
has the largest interference among all the antennas is selected. 
Assuming that the antenna 4-1-5 has the largest interference, 
the polarization plane of said antenna 4-1-5 is rotated so that 
the interference of said antenna 4-1-5 becomes the minimum to 
determine the angle of the polarization plane from the vertical 
plane or the horizontal plane. The polarization angle which 
provides the minimum interference in the first antenna is called 
reference angle. Next, the angle of the polarization plane of 
other antennas is determined so that two adjacent antennas have 
polarizations in orthogonal relations with each other. Thus, 
for instance, the polarization planes of the antennas 4-1-4 and 
4-1-6 are rotated so that those planes are orthogonal to the 
polarization plane of the antenna 4-1-5, and then, the 
polarization plane of the antenna 4-1-3 is rotated so that it 
is orthogonal to the polarization plane of the antenna 4-1-4. 
The polarization plane of other antennas is determined 
similarly , 

Thus, all the antennas in the current embodiment provide 
the minimum interference. 

Fig. 5 is another modification of a radio LAN master station 
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system of Fig. 3 according to the present invention, and has the 
advantage to remove interference which can not be removed by 
the simple alternate arrangement of vertical polarization and 
horizontal polarization in Fig . 3 . 

First, the antenna which has the largest interference is 
selected among all the antennas. Assuming that the antenna 5-1-5 
has the largest interference, one of the vertical polarization 
and horizontal polarization of the selected antenna 5-1-5 is 
selected. Assuming that the vertical polarization is selected, 
that polarization of the antenna 5-1-5 is called reference 
polarization. Then, the polarization plane of other antennas 
is determined so that two adjacent antennas have the orthogonal 
relations in polarization planes with each other, based upon 
said reference polarization. For instance, the antennas 5-1-4 
and 5-1-6 have a horizontal polarization plane, which is 
orthogonal to the reference polarization of the antenna 5-1-5. 
Then, the polarization plane of the antenna 5-1-3 is a vertical 
polarization, which is orthogonal to the horizontal 
polarization of the antenna 5-1-4. Similarly, the polarization 
plane of all the antennas is determined, and an interference 
of all the antennas becomes the minimum. 

Next, the antenna which has the largest interference among 
all the antennas, and said largest interference is larger than 
the allowable level, is selected. Assuming that the antenna 5-1-3 
is selected, the polarization plane of the antenna 5-1-3 is 
reversed, that is to say, it is switched from vertical 
polarization to horizontal polarization. By repeating the above 
process , the whole antenna system can have the interference which 
is lower than the predetermined threshold. 

As a modification,, an antenna is switched one by one between 
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a horizontal polarization and a vertical polarization so that 
an interference of the antenna is the lower. Thus, the switching 
of a horizontal polarization and a vertical polarization of the 
antennas 5-1-3, 5-1-4, 5-1-5 and 5-1-6 is repeated by 24 (=16) 
times, and polarization of each antenna is finally determined 
when the interference is the minimum. 

Fig . 6 is still another modification of the present invention . 
In this embodiment, each antenna rotates a polarization plane 
of the antenna so that an interference of the antenna is the 
minimum . 

Fig . 7 is still another modification of the present invention , 
and is the combination of the previous embodiments. When there 
is hardly interference by multi-path propagation between the 
antenna 7-1-4 and 7-1-5, the antennas 7-1-3 and 7-1-4 are grouped, 
so that the antenna 7-1-3 is a vertical polarization antenna, 
and the antenna 7-1-4 is a horizontal polarization antenna. And, 
the antennas 7-1-5 and 7-1-6 are grouped so that the antenna 
7-1-5 is a vertical polarization antenna and the antenna 7-1-6 
is a horizontal polarization antenna. Thus, interference by 
other systems located in adjacent areas is reduced. 

Fig. 8 is a block diagram of a master station. 

In Fig. 8, each antenna 87a, 87b, 87c,,, is associated with 
a polarization adjust 88a, 88b, 88c,,, respectively. A 
polarization adjust adjusts polarization angle of radio wave 
radiated by an antenna under the control by a polarization 
control unit 83. An output or an input of each antenna 87a, 87b, 
87c, , , is applied to a distributor 85, which combines an output 
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of each antenna, or distributes signal from a transceiver 81 
to each antenna. An output of each antenna is, further, applied 
to a polarization control unit 83. A transceiver 81 measures 
receive power of antennas, and BER (bit error rate) of receive 
signal by each antenna. Receive power measured by the transceiver 
81 is total receive power of all the antennas combined by the 
distributor 85, while receive power measured by each antenna 
and applied to the polarization control unit 83 is individual 
receive power of each specific antenna. 

In the polarization control unit 83, a status sensor 83b 
measures whether each channel associated with each antenna is 
under communication or silent, according to receive power or 
BER supplied by the transceiver 81, or both. A polarization 

control 83a adjust polarization angle of each antenna by sending 
a polarization adjust a control signal. When a client terminal 
associated with a specific antenna is silent, the polarization 
control 83a controls a polarization adjust so that receive power 
received by a related antenna becomes the minimum. On the other 
hand, when a client terminal associated with a specific antenna 
is under communication and is radiating radio wave, the 
polarization control 83a controls a polarization adjust so that 
a value BER of the related client terminal becomes the minimum, 
or receive power measured by the transceiver 81 becomes the 
maximum . 

In a modification, the polarization control 83a controls 
a polarization adjust in silent status so that receive power 
measured by the transceiver 81 becomes the maximum. In this 
modification, it is not necessary that receive power of each 
antenna is applied to a polarization control unit 83. 

In an initialization step of each antenna, a pair of adjacent 
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antennas are first adjusted so that polarizations of those 
antennas are orthogonal, and next, polarization of a first 
antenna is adjusted so that receive power by said antenna in 
silent status becomes the minimum. Naturally, polarization of 
a second antenna is adjusted again so that polarization of the 
second antenna is orthogonal with that of the first antenna. 
The polarization angle of a master station must be informed a 
client terminal so that the antenna of the client terminal is 
adjusted to the same polarization angle of that of the master 
station . 

When no interference by another system is received, but only 
interference by multi-path propagation is received, a 
polarization of each antenna except an antenna which receives 
the maximum power may be adjusted so that receive power by said 
antenna becomes the minimum. 

In one modification, interference is measured during silent 
status periodically, and polarization angle is adjusted so that 
receive power by the interference becomes the minimum, and the 
polarization angle thus adjusted is informed to a client terminal , 
which adjusts polarization angle of the own terminal, so that 
receive power by interference becomes the minimum. 

When the present invention is applied to 2.4 GHz radio LAN 
system, in which no operation license and no qualification is 
necessary, a point- to-multi-points communication which 
provides not only long distance communication but also 
interference free communication from another system located out 
of a service area, is obtained with low cost. 

Further, an interference between adjacent antennas is 
reduced, and an interference from another system is reduced. 
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From the foregoing, it will now be apparent that a new and 
improved radio LAN master station system has been found. It 
should be understood of course that the embodiments disclosed 
are merely illustrative and are not intended to limit the scope 
of the invention. Reference should be made to the appended claims, 
therefore, to indicate the scope of the invention. 
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